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1. KEY mia> ABSTRACT* 


i^plicfttioa 

ColUeior Tjp* 

Collector Areo 
Storage Capacity 
Deeign Hot Water Load 
Deal go Sj»\k»a BTU Produced 
Bttildiog Ovner 
Solar Syetea Deeigaery 
Manufacturery lostaller 


Doaeatic Hot Water (preheat) 

Flat Platey Li(|uid 

1400 equare feet (approi.) 

1000 gal lone 

6.81 z 10® BTU/year 

3*19 z 10® BTU^ear 

Cooper Rotela 

Capital Solar Heatingy Inc. 
Miaaiy Florida 


2. INTRODHCTIONi 

Cooper Hotela retained Capital Solar Heatingy Inc.y Miaaiy FloridOy to 
retrofit the Quality laoy Key Weety Floriday with a doaeatic hot voter 
preheat ayatea. The Inn conaiated of 100 rooaa in three tvo-atory lov- 
riae buildingay and it vaa planned to cooatruct an additional 48 rooaoy 
in a fouroatory atructuroy at about the aaae tiae aa the aolar inatallation. 
The ayatea vaa deaigned to aupply approziaately 50^ of the total energy 
deaand for both' the old and the nev buildinga. 

3. OESION PHXLOSOPBYt 

Prior to inatallation of the aolar ayateay doaeatic hot voter vaa heated 
by a aingle TOOyOOO BTU oil-fired boilery feeding a 500 gallon atorage tank. 
Syatea deaand eatiaateoy following coapletion of the nev 48 rooa vingy and 
baaed on previoua occupancy recordoy were 1.089 z 10^ gal Iona per yeary at 
a 75® teaperature differentialy giving a total ayatea deowod of 6*81 z 10^ 
BTU/year* The aolar ayatea vaa deaigned to provide approziaately 
3.19 z 10® BTU/year. The aolar pnnela were aounted on the roof of the low- 
riae building in two groupa (to fit the ahape of the roofy rather than 
for any technical reaaon) - one group of 5 rova with 5 collectora per rovy 
and one group of 2 rova with 6 collectora per row. The atorage tankay puap 
and controller were inatalled in the boiler rooa directly below the panela. 
Coaplete detaila of the deaign and inatallation are attached aa Appendiz A. 

4. OPERATION OF THE SYSTEMi 

Inatallation of the ayatea vaa atarted in Februaryy I978y and coapleted in 
Aprily 1978. Since thia vaa baaically a aaall, aiaple ayatea, inatruaent- 
ation vaa ainiaal. Start-up procedurea were liaited to bleeding air froa 
the ayatea, a viaual inapection for leaka and general appearance, and later 
verification of operation by feeling the varath of the piping in the return 
line froa the aolar panela. Prior to atartup, an Operating Tiae aeter vaa 
inatalled on the boiler. By aeaauring boiler operating tiae (per occupied 
rooa) with and without the aolar ayatea, it vaa deterained that uae of the 
aolar ayatea reaulted in approziaately a 40^ fuel aaving during the firat 
year of operation. 

In Septeaber, 1978, there vaa a breakdown of boiler operation which took 
one veek to repair. During that one veek period, the aolar ayatea vaa the 
only aource of doaeatic hot voter. With a aotel occupancy of Juat under 


50Ky there vae no coaplaint of lack of hot water - the aolar ajatea 
carried the entire load. 

5. PROBLEMS EKCOVNTEREDi 

During the firat jear of operation, the onljr problea encountered waa a 
aolar puap failure. The puap waa replaced under the warranty, and the 
ayaten waa back in operation within two daya. 

In May, 1979, and again in June, 1979, the ayatem failed to naintain 
continuoua flow through the collectora. Inveatigation by a teas froa 
the Marahall Space Flight Center, headed by Lary Lawson, deterained that 
the aagnetically coupled circulation puap iapeller thrust bearing had 
failed. Replacement of the puap by a direct^drive pump solved the 
problea. Reports on the problem are attached in ^pendiz B. The 
reports also suggest some piping aodifications for greater efficiency. 

6. CONCLUSlONSt 

The solar system, as installed, appears to be simple and cost-effective. 
Maintenance requirements are minimal. The grantee/ovn r would certainly 
consider a solar installation for future projects. 
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SjAltm Deiigo aad Inctallatioo iDfornaiioa 
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Capital Solar Mtig, k. 


176 N. W. 25tb SHEET 


mm, MDA 66127 


Td. (SOS) S7^:880 


The solar ener<?y system consists of 1400 sq, ft. of flat plate 
eallectors, a 1,000 f^allon storage tank, and associated circuit 
atlTur pump, controller, plplnj[: and miscellaneous valv«s. The 
collectors were roof-mounted. The remaining equipment is housed 
in the existing holler room. Ihe system (which consiits of a 
boiler, storace tank, circulatinc pumps, thermostatic controls, 
and assorted valves) and is designed to supply all required hot 
water, without additional heat from the oil-fired boiler, when 
the motel is occupied. 

Ibis solar system is a hot water preheat system. Cold water is 
circulatSd through the copper solar collectors and stored in two 
500 gallon insulated tanks, at times of no usage of hot water, 
the water in the storage tanks is circulated through the solar 
collectors to Increase the temperature of the stored water. 

During times of increased hot water usage the solar preheated 
water Is transferred to the boiler storage tank either directly 
or 'through the boiler .depending on the leaving temperature of the 
solar heated water. 



IC 


m N. % !3l!i MRin 


^okr Uin(, Inc. 

(Jim tmm »i27 

III IKi) ilC-m 


ria«nsloni 48*’xl20"x3i'' 
U«lxhti 85 pounds 



CEf:SRAL DESCRIPTION! 


♦ Unitized Cabinet constructed of heavy, 
{^aujre annodlzed alunlnum assures rlxld. 
Ity and sq'iareness of the complete unit, 

♦ Absorber Hate Is die formed for greater 
Biirlaee contact with copper tube water- 
ways, 

♦ Chemical Bond between absorber plate 
and copper tube waterways assures 
superior heat transmission. 

Clazlni; is available in single or 
double layers usln^ a fiberglass re- 
inforced plastic sheet, specially 
formulated with a proprietary resin 
system, providing for hleh llfht trans- 
mission with superior heat and ultra- 
violet resistance. 


♦ Poly-Urothnno Innulatlnn, ono Inoh 
thick, reduces bottom and side losses 
to surrounding air. 

♦ Factory Testing assures Interrlty of 

all joints In the copper tube water-ways. 




♦ Sliver Solder at all tublne Joints 
Insures even heat transmission through 
the copper tube water-ways. 


♦ Limited Warranty In extended for five 
years on all component parts of the 
solar collector panel. 
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Fieiure nn. 
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Capital Solar Heating, tnc. 

376 N. W. 25111 STItEEl MIAML FLORIDA 33127 

Tei. (305) 376-2380 


OPtSATIOM A.VD MAIKTENANCE OF YOUR SOLAR WATER 
HEATING SYSTEM USING THE 4896R«1> or 48120H«P 


Noraal Mode of Operation 

Your ayetea coneiata of three aajor unit^. They are the Solar 
Collector Panel , the Fuap and Senaory and the Storage Tank. 
(Noraallyi a atandard Hot Water Heater ia used for atorage). 

Daring periods of noraal sunshine, the systea will store enough 
hot water ao that the existing heater has no need to coae on. 
However, in tiaes of poor sun conditions or excessive use of the 
stored hot water, the heater will be available as a back up to 
aaintain the hot water requireaents. 

The PuBp ft Sensor operate as one unit to autoaatically control 
the flow of hot water froa the Solar Panel to the Storage Tank. 

The PuBp will only coae on iriien the water in the Collector is 
hotter than the water in the Storage Tank. (Check to aake sure 
that the Puap is not operating during periods of poor sun 
conditions, overcast, etc.) 

Preev® Protect Mode 

Yo’.ii systea contains a freere sensor which will cycle the pusq> 
on at 36 degrees F. This will circulate hot water froa the 
Storage Tank to the Collector Panel to prevent freezing of the 
water in the Collector. 

IMPORTANTt During power failure (Freeze Protect Mode refer to 
Schematic Diagram), 

1. Unplug Sensor Pack * 

2. Close water supply valve #6 

3. Open valves 10, 11, 12, 13, 15, 16, IT 

4. After panel and piping have drained, close valves 10, 12, 13, 17 
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Capital Solar Heating, Inc. 

376 V H. 251b MCm MIAMI, FlOlllllA 33127 

M (u;o }76-:i$o 


FILL PROCFDURKi (Refer to Schenatic Diagram) 

1. Make aure all fittings are soldered completely. 

2. Close drain valves 15 and 16. 

3. Open P&T (relief) valves #11. 

4. Open cold water inlet valve #6 and valves 5, 7, 8, 9, 

10, 12, 13. (see safety note below) 

5. Wien water flows in steady stream from P&T valve #11, 
system is full. 

6. Close valve #11. Turn on power to water heater. 

7. Plug in extension from control pack (#14) to 115 volt AC 
outlet. 


Vote! For safety reasons, be careful to avoid contact with water 
flow from P&T valve #11, as the water temperature may be 
in excess of 140 degrees F. 
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Operation and Mainteu.ince Manual. 

System Vendor: Capital Solar Heating Co., Tnc. System Distributor: 

376 NW 25th Street 
Miami, FL 33127 
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REQUEST FOR SUPPORT 
FROM PROBLEM ASSESSMENT GROUP 

OATE:J^Sl2iJ2Z5 

I SITE: OwiatHf l«a 

I LOCATION: Kay We s^ Florida LATITUDgi 24. 55 _ 

I APPLICATION: HgATiMQ -eoQUMft .uriTWATcn X _ 

I SYSTEM DESCRIPTION: INSTRUMENTED 7 VES__.N0-2L. 

*• COLXECTOR: MFQ :Caoitol Solar rvppt _ FP GLAZING ^ ^ 

AREA gr2. FLUID: City Water . xilj. _34_ 

STORAGE: VOLUME: HOT -IQQO Gal. ♦ COLD » TYPE —Water . 

■ ~ BRIEF DESCRIPTION OF OPERATlONAtyCONTROL MODES: '* " 

(SYCTEM SCHEMATIC%.CONTnOL owes.. COMPONENT LISTS, FINAL REPORT) 

Solar Hot Water System Utilizes roof mounted collectors piped to 2^oo gallon 
preheat storage ts^s. Output of solar tanks goes to previous enlstisg hot water 

storage- .tank. - 

• "Sketches attached.. 


SIGNIFICANT EVENTS: (COMPLETION OF CONSTRUCTION. ACCEPTANCE TEST, PERIOD 
OF SATISFACTORY OPERATION. ETC.. PREVIOUS PROBLEMS AND ATTEMPTED FIXES) " 
Completed 4-1-78. Operated satisfactory from 4-1-78 to Spring of 79. 

Solar pump failed once and was warranty replaced. New H 2 O pressurization 
system installed Fall of 78 to boost ci^ pressure from 15-30 psig to 30*65 psig 
required by new four story model addition. 





DESCRIPTION OF CURRENT PROBLEM(S) AND ATTEMPTED FIXES (IF ANY): 

System fails to maintaim continuous flow thru collectors since (1) new pump was 
installed or (2) pressurization system was ^stalled. Air has been vented from 
collectors: two different plumbers called to investigate, no positive results. 


SPECIAL INFLUENCING FACTORS AND/OR BACKGROUND: 



(f 03LAR HEATJNG AND COOUTl . 

COMMkRCXAX^ DEMONSTaATXON PROGRAM 

cmCUJLAR 

Attfott $» 1979 
MAC00121 


SUBJECT: Stalliag of Magatttieally Cottplad Poflapi 

I^CATION: Koy Weat, PL 


APPXJCABmTY ; . AU aolar systems utUlsiag or proposing to use magnotlecJXy 
coupled pumps, * 

PROBLEM: After approximately one year of successful operation, 

the solar system randomly experienced loss of clzetilatiOU between s^oragb and 
the collectors. A site inspection revealed that the magnetically eouplod v/ator 'ptxinp 
was loosing its coupling resulting in a no*flow condition. Disassembly of Uxo piimp 
revealed the impeUer thrust bearing to bo worn so that the impeller was rubbing 
on the pump housing enough to cause galling and eventual complete loclmp of the 
impeller. Once the magnetic coupling was loot, it would not pickup tho load 
until power to the motor was shutoff and the motor stoppod. 

CORRECTIVS ACTION; The magnetically coupled pvunp was replaced with a 
directs drive hot water circulator pump. 


REMARKS ; If the above problem is experienced with this type 

pump in a solar system, it should be immediately dismantled and the impeller 
and thrust bearing inspected for wear or galling. 




Natiomi Aeronautics and 
Space Administration 

(IteorneC. tfianStSI SpeeoFiicstit Center 

f t3rsti?i!l Sp?.co RiQltt Ccnto'. Alabama 
S5312 


RsphrtoAim* PA33 (79-350) Auguat 10, 1979 

TO: FA33/L. l^aweoa 

FROM: FA33/R. TWUe 

SUBJECT; Site Visit to Quality Inn Motel Solar System at 
Key West, Florida 


In response to your request of assistance, a site visit inspection 
and analysis of the problem was performed by Mr, W, T, Powers, 
EC23, and the undersigned on July 16 and 17, 1979. The 
following documents the results of that visit. 

There is absolutely no monitoring equipment on the complete solar 
installation, not even a thermometer. The drawings provided in 
the specification showed a flowmeter but it was not installed. 

Monday, July 16, was spent analyzing the solar system by taking 
temperature and insolation readings. Inspection of the collector 
array revealed that the outlet valves on four of the seven rows 
of collectors were closed. All valves were fully opened such 
that f\xll potential flow of the system was attained. Measured 
temperature rise across the collector array was 35® to 40® F. 
with outlet temperatures reaching 135 F. 

The system appeared to be operating correctly untile 1:4 5 .p.m. 

EST. The pop off valves on each collector relieved and vented 
water and steam. Examination of the strip chart data being taken 
at that time showed the array outlet temperature dropped from 135®F. 
to about 93 or 94® F. in about three minutes. 

This showed that water flow from the collector to storage had 
stopped and had flow direction reversed. About 2:10 p. m. EDT, 
the outlet header temperature began to rise showi^ flow being 
reestablished. The outlet temperature rose to 130^F. at 2:30 
and then began to fall, due to decrease of insolation. At 4:20 p. m. , 
a rain shower moved over the area and the solar system stopped 
for the day. We did not have an ammeter on the circulator punp 
so we do not know whether the pump lost its magnetic coupling and 
the flow stopped. 
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A dreulmr iwater flow between the two eoler etornge tanks was observed 
by temperature measurementa and will be discussed later. The motel 
water pressurisatiem system was operating continuously during the above 
observmtioas. 

The testily performed on Tuesdayi July 17, was similar to that performed 
on Monday except we were trying to understand flie circular floss hetwewa 
the two parallel piped storage tanks. Mr. Lee Cooper (owner) was present 
observing both our work and that of flie plumber who was working on flie 
rapid cycling of the pressurisation systems. The system operated 
continuously from hbout 10:30 a. m. £DT until 1:45 p. m. when all pop- 
off valves relieved (H9O temp, measured at 212®F* ) At this time, the 
ammeter reading was taken and showed a reduction of about 4 amps 
compared to an earlier reading. The pump was unplugged and allowed 
to run down. This run down tooh about 45 seconds. It was plugged in 
and amps recorded at full load. The array outlet temperature started 
a rapid rise which showed that flow had been reestablished. The pump 
stalled a couple more'times in a fairly short time and Mr. Cooper 
instructed us to "do what we had to do to get the thing ruiming. " We 
proceeded to isolate and dismantle the pump and found a solder ball 
inside the pump housing. This was thought to be the problem and the 
pump was reassembled and turned on. Flow was established, based on 
temperature readings and current draw of the pump. The system ran 
for about 5 minutes and the pump loss the magnetic coupling. Current 
draw dropped to about 1/2 of full load and the, pump made a loud rattling 
sound. It was cycled on and off repeatedly and the resxilts were the 
same. It would run for a few minutes and uncouple and flow would stop. 
The pump was dismantled and theinnpsUar thoroughly inspected for wear. 

It was noted that there was gelling between theimpellar end housing, so 
much that brass stringing was occurring at the contact point. I\urther 
inspected revealed the thrust bearing extremely worn and cracked in 
two places. No replacement was aviAable closer than Miami. Mr. Cooper 
had departed earlier in the day and a call was made to inform him of 
our findings. The recommendation made to Mr. Cooper was as follows: 

If a warranty replacement pump or impeller could be obtained at no or 
minimum cost, use that but if a new pump had to be purchased, he 
should get a direct drive, hydronic circulator pump and a spare shaft 
seal to be shelved onsite. 

A flow phenomenon was observed at this site such that the single pipe 
returning from the roof wss measured at ISS^’F. and after the flow had 
passed a tee which connected the two storage tanks in parallel, one pipe 
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wa» meaaurtd at P. and Ui« eUiar ^pe maaturad at %120^ P • 

Thata two maaturamaata wara taken about 5 faat dowaatraam from 

tha 13S^ F. raadiag. Tha plumbiag layout waa aaalyaad (Pigura 1) 
aad tha raaulta ara that thara ia a circular flow beiag a at up batwaea 
tha two taaka dua to tha gaomatry of tha ialat conaactioaa. Tha tank 
to tank flow pattara waa obaerved with tha ayatam iaolated from tha 
load. 

A diacuaaioB waa held with Mr. Cooper aa to thia flow pattara aad a 
auggeatioa made that the taaka be piped ia aeriea with only one taak 
aupplyiag tha load. Purther diacuaaioa ravealed &at tha beaefita 
would aot juatify the coat becauae now he can uaa all the energy 
collected. 

Pbrther queationa ahould be referred to the uaderalgaed at 3*2054 or 
W.T. Powera at 3*5619. 
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